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CHARACTERISTICS  OF SOME SUPWSOMIC 

AIRCRAFT CONFIGURAT-IONS 

By Jesse L. Mitchell 

The purpose of..this.  paper i s  to   discuss  some longi tudina l   s tab i l i ty .  
charac te r i s t ics  of  supersonic  aircraft  configurations. The discussion 
is. presented under two general   headings:  static,   longitudinal.   stabil i ty 
and dynamic longitudinal  stabili-ty. Some information on the variat ion 
of pitching-moment coefficient  with  angle  of attack as influenced by the 
ver t ica l   loca t ion  of the  horizontal  tai l  f s  presented i n  the  sect ion on 
s t a t i c   s t a b i l i t y .  The s ta t ic-s tahi l i ty   var ia t ion  with Mach  number and 
i t s - e f f e c t  on maneuverability and trim i s  discussed  for   several   typical  
conf i rna t ions  on which data are available.  In the  dynamic s t a b i l i t y  

cussion. Some data on the  damping-in-pitch derivatives of tailless air- 
c ra f t  are presented and the period and damping charac te r i s t ics  of some 

I section  the  short-period  longitudinal  oscil lation-is the .subject of  dis- 

I supersonic aircraft configurations are dhcussed. 

S%atlc  Longitudinal  Stabil i ty 

The f low  character is t ics  behind  low-aspect-ratio .wings Fndicate that, 
for a configuration  having a low-aspect-ratio  delta o r  swept wing and a 
horizontal t a i l  back o f t h e  wing, the ver t ica l   loca t ion  of the  horizontal  
tail greatly  influences  the  variation'of pitching-moment coefficient  with 
angle of a t tack,  . . .  . 

The var ia t ion  of pitching-moment coeff ic ient  Cm with angle of 
a t tack a for a configuration.  consisting of a n  aspect-ratio-2.0.   delta 
wing having a horizontal t a i l  mounted behind, either i n  the   p lme  of the 
wing extended o r  at a. powt  0.25 semfspan above. the wfng, i s  shown. i n  
figure 1. These data were obtained from Ames transonic-bump t e s t s  (refer- 
ence 1) and are shown f o r  Mach numbers of 0.40, 0.9, and 1.10. Note 
t h a t  a t  all these Mach numbers the  configuration  with  the l o w  horizontal 
tail has the more nearly linear variat ion of pitching moment with  angle 
of  attack.  References 2 and 3 present  other  data which substantiate  the 
above resu l t s .  .. . . . . " 
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Since the flow field.   characterist ic-s.  &Tiid .pPaiii, iwe$%back, low- 
aspect-ratio wings are similar t o  those behind de l t a  wings, it 1s to be 
expected.that-a similar effect of t a i l  hei&t oli the   var ia t ion  of C, 

with a will ex i s t   fo r   s ep tback  w i n g  configurations. This r e su l t  is 
confirmed a t  subsonic  speeds (M = 0.17) and low Reynolds number 
(0.9 x lo6) by the  results  presente 'd-in  f igure 2". . These data of C, 
as a function  of a were obtatned from tests in the Langley s t a b i l i t y  
tunnel  (reference 4) on an aspect-ratio-4.0, 45O sweptback w i n g  con- 
figuration  with a horizontal ta i l  located behind e i ther   in   the  plane of 
the wing extended ur' at a posit ion 0.29 semi.span above the Wing plane. 
The model with  the t a i l  i n   t he  low posftion a lso  has a more nearly linear 
varLation of Cm with a. Additional  data on ta i l -height   effect  on eta- 
b i l i t y  at l o w  speeds are given i n  references 5 and 6. No cornparable data 
were available at higher Mach numbers. In figure 3, however, are pre" 
sented some results o n - l i f t  and pitching-moment yar ia t iop .y i th  angle of 
at tack a t  a Mach number of 0.93 f o r  .a configuration  having an aspect- 
ratio-4.0, 45O sweptback wing and & horizontal ta i l  mounted 0.50 semispan 
above the wing. The solid  curves are actual test  r e su l t s  of t h e  complete 
configuration as obtained from rocket-model tests. The 6hort-dash and 
long-dash  curves were computed from wing-fuselage moment-and l i f t ,  and 
downwash data from the indicated  sources  (references 7 and 8). The 
resul ts   indicate  that, a t  least f o r   t h i s  w i n g ,  Reynolds number e f fec ts  
are small. - 

In order  to  define w h a t  is -mea t  by a  hi&-. o r  low. horizontal   ta i l , .  
figure 4 has been' prepared. Tai l   posi t ions ha* been plotted  with .- 

reference  to  their distance  behind and above the   t r a i l i ng  edge of the 
wing mean aerodynamic  chord. These t a i l   pos i t i ons  have been c lass i f ied  
as to   the   charac te r i s t ics  of the damwash &.these  .posi t ions.  The 
sol id .points   indicate   a  downwash variation Kith angle of a t tack i n  
which de/& increases  with  bcreasing angle of attack;.  the half-solid 
points  indicate es6entiElll.y a l inear   var ia t ion  of dow~lwash with  angle 
of attack; and the open points  indicate a downwash variation  with  angle 
of a t t ack   i n  which dc:/dcc decreases  with  increasing  angle of attack. 
The data were average downwash behind.6omete.n  different-sxept and 
delta wings. The range of-   aspect   ra t io ,  sweep, Mach number, t a i l  span, 
and  Reynolds number covered by the  data are .  indicated in the figure. 
8ee references I t o  3, 6, and 9 t o  12. 

" "  .. . .. . . . . . . . . 

A l l  the open o r  half-open  points f a l l  below a line whlch makes an 
angle of about loo from the  or igin.  It can be expected  therefore  that ,- 
f o r  swept or   de l ta  wing configurations,  horizontal-tail  locations on 
or  below the  loo l i n e  shown &e most likely t o  result i n - l i n e a r  o r  more 
nearly  l inear  variation  of.   pitching moment wfth.-le of attack. 

The preceding  diecussion of t a l l  height has been for delta or = .  

swtptback wing configurations.  Figure 5 presents -ditching-moment coef- 
f i c i en t  as a function of angle  of  attack a t  Mach numbers of 0.5 and 0.92 - 

- .... -. 
- 

" 
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f o r  an aspect-rat-io-4.0, unswept wing configuration  (reference 13). The 
horizontal ta i l .  w a s  mounted e i the r  in  the  plane of the wing extended 
or  at a high  posi t ion  in  which the  t a i l  height  .over. t a i l   l eng th   co r re -  
sponded t o  an angle of 13O. As with the swept or  delta  configurations,  
the  airplane  with  the  horizontal tail i n   t h e  low posi'tion had greater  
s t a b i l i t y  than t h e   h i g h 4 a i l  model in'some moderate t o  high  angle-of- 
a t tack  range. In this case,. however, t he  total s t a b i l i t y  changes with 
angle of attack  are  .about  equally  large- f o r  the high- or  low-tail  models 
as contrasted t o  the swept or  delta  configurations on which the sta-  
b i l i t y  changes .for t he  low t a i l  were noticeably less than  for   the  high 
tail. 

The discussion up t o  th i s   po in t  has been  concerned  with the varia- 
t i o n  of stabil i ty  with  angle of a t tack.  O f  equal  lmportesce is the  var ia-  
t i o n  of s t a b i l i t y  with Mach number. Some stat ic- longi tudinal-s tabi l i ty  
and trim data f o r  three ddely   d i f fe ren t   supersonic   a i rc raf t  are examined. 
See references 14 t o  23. The configurations  considered are shown i n  fig- 
ure 6. The first configuration has a swept wing and horizontal  tail, &he 
second a straight wing and tai l ,  and the t h i r d  i s  a tailless de l ta .  

Also presented in  figure 6 is the var ia t ion  of the aerodynamic 
center i n  percent of the mean gerodynamic chord  behfnd the  leading edge 
Of the man aerodynamic  chord. As is t o  be  expected,  the aerodynamic 
center-moves  back a t  supersonic  speeds. It i s  in te res t ing   to   no te  that 
t h e   t o t a l  aerodynamic-center t r ave l ,   i n   f ee t ,   f o r  a l l  these  aircrirft  
i s  of the same order of magnitude,  about 2.5 t o  2.75 feet. 

- 

- 
As a consequence of the increased  s tabf l i ty ,  it is t o  be  expected 

that the  maneuverability  of all these a i r c r a f t  w i l l  be l e s s  at super- 
sonic  speeds  than at sf isonic  speeds. ,.Figure 7 presents  the  variation 
of t r im lift coeff ic ient  w i t h  Mach number for  several   control  deflec- 
tions.  Since complete trim data were not  available,  estimations were 
made i n  certain  regions as indicated  by  the.   dotted  l ines.  Also shown 
are estimated  values of  maximum l i f t .  The control for the swept and 
unswept configuration is an  alJ-govable t a i l  whereas that f o r   t h e   d e l t a  
configuration i s  a constant-chord  -trailing-edge  elevon. 

Bote that a l l  the configurations have ade9uat.e con t ro l   t o  s t k n  
maxim lift a t  subsonic  speeds,  but that only  the unswept-wing airplane 
has enough control  effectfveness a t  supersonic speeds t o   a t t a i n  maxirmM . 
lift without  inordinately  large  control  deflections. In this  connection 
it is necessary t o  point  out, however, that, the  straight-wing  configura- 
t i o n  has a tail-volume  coefffcient - St - zt that is about 2.5 times that s 2  
of the swept configuration. Another fac tor  which must be considered is 
that  the  design wing loadings  for  these  aircraft   are  quite  different.  s 

The wing loading for the  sweptback configuration is about 60, f o r   t h e  
unswept configuration  about 120, and for   the   t a i l l ess   de l ta   conf igura t ion  
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about 30. F0r.a  given  alt i tude of f l i g h t  mid normal acceleration; 
therefore,  the unswept-wing aircraft requires  twice as much l i f t  coefff- 
c ient  as the swept-wing a i rc r .d . t  .and four  tirples as much as the  delta 
configuration. . j .  . .  . . 

Another. significant  consideration of s t a t i c   s t a b i l i t y  and trim is 
the  control  deflection as a function of  Mach  number f o r  :trim at a given 
value of.  acceleration.  Figure:8  presents  .cont.rol  deflection as a func- 
t ion  of Mach number f o r  trim at zero l i f t  and f o r  trim in level f l i g h t  . 
at 40,000 feet. 

. .  

A s  can be noted from figure 7 there is 8 pitch-up  tendency at low 
values of lift coeff ic ient   near .a  Mach number of 1.0 f o r  all these air- 
c ra f t .  This result is  evident 3n the control  deflection  required  to - 

trim at .zero  lift fo r   t he  swept-wing configuration;  for  instance, more 
trailing-edge down movement of  the  all-movable -tail.  is required a6 the 
Mach  number range is  traversed from subsonic to supersonic  speeds. It 
is interest ing  to   note  that t h i s  same pftch-up  h8s  occurred i n  m a n y  
rocket-propelled model tests of aircraft  configurations  (references 24 
t o  27). The dnly thing c h o n   t o  all these   a i rc raf t  was the asymmetry 
usual ly   associated  with  a ia i rplane,   for . instance,   ver t ical  t a i l  above 
the  center of gravity,  horizontal ta i l  in  a region i n  which there i s  
downwash a t  .zero lift due to   f low around the tail of the  fuselage. 

A n  examination of the control required  to  t r i m  i n   l e v e l   f l i g h t  
indicates  regions  'for all the ' a i r c r a f t . i n  which more  up-control is 
required  to trim as the Mach number increases. This r e su l t  has been 
noted i n   f l i g h t  tests of  supersonic  research aircraft and so far p i lo t e  
have not   par t icular ly   objected  s ince  the  a i rcraf t  i s  s t a U  in the  sense 
tha t  more up-control, at a coastant speed, gives  increasing normal accel- 
erat ian.  This unstable  variation of control  with Mach number, however,. 
i s  probably  iiot a desirable character is t ic . . i f  the *lane i i t o  be 
flown in  sustained level flight in this speed range. This unstable v&i- .. 

at ion of control w i t h  Mach  number indicates that a divergence i n  speed 
will occur if the airpla& i s  disturbed from trim; therefore, f o r  any 
particular  design,  calculations-should be made t o  make sure that   the 
divergence i s  slow enough t o  be controlled by the  pi lot .  

In the  case of the sweptback  and unswept configuration, it is of 
interest   to   point   out  again the  advari-E~e  -aft'he  ali-mov-kg tail as a 
means of  control. This advantage is  evident in figure 8 by .the moderakk 
changes in  control  required  to t r h  over the Mach number range, as 'con- 
trasted to  the  inardinately  large amounts of. elevator  rkquired by the 
B e l l  x-1. 

. . . . . . . 
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Dynamic S tab i l i t y  
c > 

The following remarks on dynamic longi tudina l   s tab i l i ty   a re  con- 
cerned  with  the  characteristics  of the short-period  oscillation  in 
pitch. Shown i n  figure 9 a re  some useful approximations for   the  per iod 
and=damping characterFstics._of  -this  oscillation.. These expressions  are 
the usual apprdximations, va l id   for  .two degrees -of freedom and low 
damping. The various  quantities have been  arranged so tha t  the ef fec t  
of wing loading,  scale,  atmospheric properties, and aerodynamic  prop- 
e r t i e s  may be seen by inspection. The quantities  contained  in  these 
expressions  are defined as follows: 

Symbols: - 

pitching-moment coefficient 

lift . .  coefficient . . - 

period of the  osci l la t ion,  seconds 

time to damp t o  1/10 amplitude,  seconds 

cycles   to   d~mp  to  1/10 amplitude 

radius of gyration i n   p i t ch ,   f ee t  

mean aerodynmic-  chord,  feet 

wbg  area,  square  feet 

weight of airplane, jpounds 

. Mach  nuniber - -  

atmospheric  sqatic preSSUre,’pOUndS per square foot 

atmospheric  denkity, slugs per  cubic  foot 

velocity,   feet   per second 

angle of attack,  radians 

angle  of..  pitch,  radians 

time  seconds 
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Subscripts: 
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q = -  deF 
d t  2V 

The symbols a, &, and q used  as  subscripts  indicate  the  deriva- 
t i v e  of the  quantity  with  respect  to  the  subscript ,   for example 

c x  = 3. 
The quantity % + C~ t ha t  .appears i n  the expreseions f o r  damping 

gives  the damping i n  g i t c h  due to   pi tching  veloci ty  and ra te  of change of 
angle of attack  with  respect to time. On conventional aircraft, t ha t  Is2 
a. i rcraf t  having a wing and a horizontal   tai l-&uhted back o f  the w i n g ,  
the  horizontal  ta i l  always provides a predominate negative  contribution 
t o  this derivative. Some of  the  airplanes  that  are  being suggested f o r  
supersonic  eircraft, however, a re   t a i l l ess -de l ta  o r  swept-wing configura- 
tions;  Since the theory  indicates that these  configurations might have 
very low negative or even positive  values of C& in   the  t ransonic  

region, it is of interest t o  examine some available wind-tunnel and 
rocket-model measuremehts of this pitch-damping der ivat ive  for   del ta  and 
sweptback wings. 

q + % i  

" 

The quantity s. + (2% a s  a function of-Mach number is given i n  
.. - 

figure 10   for   severa l   t a i l l ess  delta-wing  configurations. -The tunnel 
osc i l la t ion  test data are f o r  three delta w i n g s  of aspect   ra t io  2, 3, 
and 4 which correspond t o  leading-edge sweep of.63O, 530, end 45O, 
respectively. Note that   the  45O delta  configuration  (reference 28) 
indicates a very wide region, M = 0.94 to M = 1.35, of unstable  or . . 
positive values of C, + (2%. W i t h i n  the liinits of -t.he t e s t   -da t a  t'here 

were no ins tab i l i t i es   ob ta ined   for   the  delta wlngs of aspect ratio 2 
and 3. The rocket-model tes t   data   substant ia te   the  tunnel   data   in  that 
the  resul ts   avai lable  from the 45O delta  configuration  indicate a 
region of posit ive 

The rocket-test  data of the 60° delta w k g  ShW. tha t  the- damping i n  
p i tch   for   th i s   conf igua t ion  was maintained  throughout  the  region of 
t h e   t e s t  results. 

9 

C%+ cm& appoximately  the same as  the  tunnel  data. 

Some preliminary tunnel and  rocket-model d a t a  on C% + C% var i a -  
t ion  with Mach  number f o r  a swept wing of aspect   ra t io  3.0 are  shown 

" 

" 

. L 

" - 
. .  
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i n  figure 11. The subsonic tunnel test  r ,esul ts   for  the wing  alone 
indicate  positive  values of 

These r e su l t s  are substantiated by recent rocket-model tests of a t a i l -  
less  configuration  with  this same wing and  having the  axis of pitch 
or  center of grav i ty   a t  the same posit ion  as  the  tunnel  mdel.  The 
rocket-model data  indicate  that  the  region of i n s t ab i l i t y  is very 
narrow,  from about M = 0.93 t o  M = 0.99. Additional  confirmation 
of  these results  is indicated by the  supersonic  tunnel tests of a con- 
figuration  having a slightly different  wing plan form  and a mre rear- 
ward axis  of rotation. 

I -k % above a Mach  number of 0.93. 

As can be seen from figure 9, the  aerodynamic contr ibut ion  to  the 

Figure 12 i l lustrates   the  re la t ive  contr ibut ions 'of  these terms 
f o r  a s t ra ight  wing and t a i l  configuration and f o r  two t a i l l e s s   d e l t a  
wings, one w i t h  600 leading-edge sweep  and the  other  with 45' leading- 
edge sweep. 

In  the upper  left-hand  part  of figure 12 is shown the  var ia t ion 
I 

of C- + w i t h  Mach  number for  these  three  configurations.  Note 

that the values of Cq + 5 f o r  the  configuration  with a horizontal 

t a i l   a r e  5 t o  10 times the magnitude' of those   for   the   t a i l l ess  delta . 
wings. When these  values of Cms + are  dfvided by the  appropriate 

radius-of-gyration  factor  (upper  right-hand p r t  of f ig .  1 2 )  note  that  
the  rotary damping fac tor  of t h e   t a i l l e s s  60° del ta  wing and the   a i r -  
plane  .with t a i l  -are practically  identical .   This  identity is for iui tous 
i n   t h i s  case; however, it doe8 indicate one fa l lacy  of comparing damping 
on the  basis of % + C- alone. The lower left-hand  part of figure 12 

gives  the  variation of lif-t;-cyyve slope C k  with Mach n d e r .  Note 

tha t ,  for the two configurations which mainsaiped  negative damping i n  
pitch,  the CI& contr ibat ion  to   the aerodynamic damping is  of the same 

- 

order of magnitude as  the  -contribution:  This  result  again 

points to the  necess-ity of considering two degrees of  freedom f o r  a l l  
dynamic longitudinal-stabil i ty  calculatlons . Fina l ly ,   the   to ta l  
aerodynamic-damping term as a .f'unctfon .of Mach  number indicates that 
a l l  the configurations have aerodynamic damping of the same order of 
magqitude. particular  point o f  in te res t  with regard t o   t h e  
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45' t a i l l e s s   d e l t a  w i n g  is tha t ,  when the   t o t a l  aerodynamic damping i n  
pi tch i s  considered,  the  apparent  region of i n s t ab i l i t y  aa indicated by 
the C q  + Cntj, term has been g r e a t l y  reduced  and  might  even be . 

eliminated. 

. .  - 
" 

. .. 

" 

The period,  time t o  damp t o .  .I./lQ amplitude,  and  cycles t o  damp t o  
1/10 amplitude have bem.calculated as a function of Mach number for   the 
s t ra ight  wing and ta i l -configurat ion and fo r  . the 60' t a i l l e s s  h l t a  w i n g .  
The results presented in  figure -13 are. fQr l e v e l   f l i g h t   a t  40,000 fee t ,  
wing loading  of 120 f o r  the  straight-wing  airplane, and wipg loading 
of 30 f o r  the   t a i l l ess   de l ta  wag. Note that,  in  general,  the  variations 
af P, till0, and Cl/lo with Mach  number are s i m i l a r  for   both  a i r -  .. . 

planes. The period  decreases  quite-appreciabiy  with  increasing Mach 
number, but  the  time t o  daq t o  .1/10 amplitude is relatively  constant; 
an increase i n  the cycles  required  to damp t-o  1/10 amplitude resul ts .  
The present  requirement for damping i s  Clll0 = 1.0 . a n d  is indicated 
by the shaded band. . Note that  neither  configuration meets t h i s  
requirement. The fact  that.  the  delta-wing  configuration has the 
better  dampingin  terms of Clll0 might be- expected  since ft has a . .  

much lower wing loading than  the  straight-wing  airplane.  6ee  figure 9 

. .. 

. .. 

. . .- 

." 

. " 

I .  

which indicates  that  Cl/lo - J W/S. 

This poor damping in terms of Clll0 may be obfectionable from . 
.. " " 

several '  viewpoints. I n  the first place it probably mans that  the 
a i r c ra f t  w i l l  tend t o  have sustained  small-amplitude  oscillations 
in   p i t ch  due t o  random disturbances. Another possible  objection . 

i s  i l l u s t r a t e d   i n  figure 14. The characteqistics of two osci l la t ions 
in angle  of  attack  following 8 step-function movement of the  horizontal 
control  are  plotted 8 6  B function of time in the upper per t  of f igure 14. 
The first osc i l la t ion  is f o r  a t'y-pical  subsonic case i n  which the dampirig 
meets present  requirements,  that is, C1/10 = 1.0. The second  OScilla- 
t ion  i s - a  supersonic  case in which Cl/lo = 5.0. The-maximum overshoot " 

aCr, above the desired t r i m  value is  about 2.5 times a s  great for  the 
Clila = 5.0 osc i l la t ion  a s  fo r  the Cl/lo = 1.0 osci l la t ion.  For other 
values  of damping this maximum overshoot may be estimated from the  plot  

(a lso  f ig .  14) of maxirm~n overshoot  parameter ,100 - .as- a function of 

cycles t o  damp t o  1/10 amplitude Cl/lo. This result indicates  that  an 

-" 
- .  

. .  

. . . . . . . - 

. .. . 
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. "" 
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airplane  having  lightly damped p i tch   osc i l la t ions  might inadvertently 
attain  higher  load  factors in a sharp pull-up, .for Instance, than an 
airplane  having a well-damped osc i l la t ion   in   p i tch .  



CONCUTDING RGMCIRKS . 
On the   basis  of the  information  presented  in  this  paper,  the 

following conclusions  are  indicated. 

9 

For  plain swept-  and delta-wing aircraft   configurations,  a more 
near ly   l inear   var ia t ion of pitching moment with  angle of a t tack  will 
probably  be  dbtained  with the horizontal  tail mounted in  a r e l a t ive ly  
low position. 

The large  increase i n  s tab i l i ty   assoc ia ted  w i t h  flight from sub- 
sonic  to  supersonic  speeds  should not prevent the attainment of adequate 
maneuverability a t  supersonic speeds. . .  . .  

For t a i l l e s s  delta-wing aircraft   configurations,   those having the 
lower  aspect  ratio  are more likely t a  have,stable, that is, negative, 
values of the   p i tch  damping fac tor  C, + % throughout  the Mach 

rider range. 
". - .  . - 9  . 

Low values of damping associated  with the short-perfod longitudinal 
osc i l l a t ion   r e su l t   i n   l a rge r  maximum l o a h  i n  sharp pull-ups. 

I 

Langley Aeronautical  Laboratory - National  Advisory Committee f o r  Aeronautics 
Langley Field, Va. 
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Figure 1.- Effect of t a i l  height on the  stability of a delta- 
wing aircraft. 
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Figure 2. - Effect of t a i l  height on the stabil i ty of a 
aweptback-wing air'craft. 
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Figure 3." Variation of lift, and  mment coefficient with 
angle of attack for a sweptback-wing aircraft having a 
horizontal t a i l  located 0.50 semispan above the plane of 
the wing. 
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Figure 4.- Characteristics of the average downwash at 
hor izonta l - ta i l   loca t fona  behind low-aspect-ratio S m f l  
and delta wingrs. 
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Figure 5.- Effect.  of tail height on the s t a b i l i t y  of an unswept-wing 
a i r c r a f t .  
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Figure 6-. - Variation of.. .gerodynamic center wi+& bhch nuniber 
for three supersonic _a$rcrafi. . . "  
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Figure 7.- Variation  of  trim lift coefficient with Mach m b e r  
and with control deflection. 
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Figure 8.- Variation of control  deflection with Mach nuniber 
for  trim at zero lift .and for trim i n  l e v e l   f l i g h t   a t  
40, 000 feet. . " . . .  
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Figure 9.- Sonre sppro-ximations for calculat ing  the character- 
i s t i c s  of the short-period longi tudinal   osci l la t ion i n  . 
pitch. . 
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Figure 10,- Variation af the . .  . pitch-damping .. . factor  .Cms + C% 

with Mach number f o r  tailless delta-wing  aircraft. 
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Figure 11.- Variation of the pitch-damping factor  Cms + % 

with Mach number f o r  t a i l l e s s  sweptback-wing a i r c ra f t .  
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Figure 12.- A comparison of the damping-in-pitch f ac to r s  f.or 
three  supersonic  aircraft configurations. 
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Figure 13. - Characteristi.cs of the  ehort-period  longitudinal 
o sc i l l a t ion  in  pi tch for t w o  supersonic  aircraft  
configurations. 
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Figure 14.- Effect of damping on the-maximum angle of aetack 
a t t a ined   a f t e r  'a step-function  disturbance of the hori- 
zontal control. 
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